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[57] ABSTRACT 

A liquid crystal display and a method of operating the 
display. A plurality of row conductors and a plurality of 
column conductors control pixels arranged in a matrix 
of rows and columns. A driver circuit applies a first data 
signal to first column conductors and a second data 
signal to second column conductors. The Hrst and sec- 
ond column conduaors are adjacent alternate conduc- 
tors in a row direction of the matrix. The polarity of the 
first and second data signals are opposite to each other. 
Pixels in a row may be connected to the same row 
conductor while pixels in each column are alternately 
connected, respectively, to one column conductor to 
which the first data signal is applied and to one coluoin 
conductor to which the second data signal is applied. 
The pixels in each row may be alternately connected 
respectively to one of two adjacent row conductors. 
The polarity of the first and second data signals is held 
constant for a cycle time which is substantially equal to 
a frame time of the liquid crystal display. 

8 Claims, 6 Drawing Sheets 
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from the gate drive circuit 1. Thus, the n pixels and the 
UQUID CRYSTAL DISPLAY HAVING REDUCED m pixels connected to each row and each column signal 
FLICKER conductor, respectively, are driven alternately with 
Trr--™i--Ai mtri positive and negative polarity. Flicker between each 
TECHNICAL FIELD 5 pixel is reduced. 
This invention relates to active matrix liquid crystal Thus, in these conventional liquid crystal displays, as 
displays using thin film transistors (TFT) as switching described above, the polarity of the voltage applied to 
dements. More particularly, it relates to flicker reduc- the adjacent pixels on every row and column signal 
tion in such Uquid crystal displays. conductor is inverted in order to reduce screen flicker 
BACKGROUND ART However, the polarity reversal at every colusm signal 
- . II conductor requires a high repetition frequency data 
* J! r ^f' """^"^ ^^T. usmg active inatrix signal, as shown in FIGS. 36 and 3c, thereby causing a 
^^'y^,^^ P*^^^. "^^^^^^^ Uquid crystal elc- ^ ^ ^j^^^c power consumption problem in the data 
mcnts dnvcn with altcmatmg current (AC) by mverting ^ J? . ^ f f 
the polarity of the appUed data signals. This served to ,7 , . , , , , . , , . 
prevent deterioration of the liqiSd crystal elements. ^. ^ ^.""^"^1^ 
However, this caused noticeable screen flicker because frequency and amplitude without reducmg the 
aU pixels were driven with the same polarity during the °"^P^^ resistance of the data drive circuit, the output 
same frame. In these displays, in order to prevent ^S^^ °^ *® ^ considerably weak- 
flicker, the polarity of the two AC signals applied, re- 20 ened. This affects the display dau. Of course the output 
spectively, to the adjacent pixels on every gate line and resistance of the data drive circuit can be reduced by 
every data line are inverted. enlarging the size of the output transistors. Accord- 
FIG. 1 schematically illustrates the configuratiori of ingly, to avoid affecting the display data, the output 
the liquid crystal panel of these conventional active resistance of the data drive circuit may be reduced, but 
matrix type liquid crystal displays. FIGS. 2 and 3 show 25 this inevitably enlarges the chip size of the drive circuit, 
drive waveforms which are applied to the liquid crystal resulting in high cost, 
panel of FIG. 1. In FIG. 1, the gate drive circuit 1 is 

connected to n lines of the row signal conductors Gl to SUMMARY OF THE INVENTION 

Gn, and it sequentially supplies the drive waveform it is an object of the invention to provide a liquid 

outputs shown m FIGS. 2a,2b, and 3^ to the row signal 30 ^. ^.^^ ^^^^^ ^^^^^ 

^^^^r^illP^""' T^'.' i« oyect of the invention to solve this 

connected to the odd numbered column si&nal conduc- i., ..v ^ • ^t. . ^ ^ . ^ - 

tors DI to Dm-1, and supplies thereto the^riv^wavt Problem ^^thout .™ng the cost of the data dnve 
form outputs shown in FIGS. 2c and 3c. A second data ™^ ^V^'^ crystal display, 
drive circuit 3 is connected to the even numbered col- 35 J] a^?^^" °^J«ct of the mvention to provide a 
umn signal conductors D2 to Dm, and it supplies to fl»ckcr-free display without increasing electric power 
these lines the drive waveform outputs shown in FIGS. consumption. 

2c and 3c. Thin fihn transistors 4 arc placed at each ^" accordance with the invention, a liquid crystal 
point of crossing of the row and column conductors, display comprises a plurality of row conductors, a plu- 
witfa their gate and drain electrodes being connected, 40 r^ty of colunm conductors, and a plurality of pixels 
respectively, to row and column signal conductors, and arranged in a matrix; and means for applying a first data 
their source electrodes being connected to pixels 5 as signal to one column conductor and for applying a 
described below. Each pixel 5 is a liquid crystal cell, second data signal to an adjacent column conductor, the 
driven by its respective TFT 4. polarity of the first data signal and that of the second 

The operation ofthe circuit of FIG, 1, using the drive 45 data signal being opposite to each other. The connec- 
waveforms of FIGS. 2 and 3, is as follows. First, the tions of a respective TFT to the column and row signal 
gate signals VGn and VGn-|-l shown in FIGS. 2a and conductors which drive each one of the plurality of 
2b, are apphedsequentially to the gate electrodes of the pixels are arranged in a matrix and are different for 
respective TFTs 4 that are comiected to the associated ^^^^ ^j^at adjacent pixels are driven with sig- 

^w signa^ conduc or. Tins causes the row of TFTs 4 50 J^ ^,^ ^ j„ ^^^^ ^ « 

to be turned on. In synchromzation with these gate Ji -TCTt ♦ *i. • i j * 

signals, the data signals shown in HG. 2c are sent bf the ^T'^T f . ^ ' ''^^ conductors 

first and second data drive circuits 2 and 3, and n jLls the «)lumn signal conductor, every other pixel. 

5 connected to each colmnn conductor are driven alter- of the signal between the 

natdy with positive and negative polarity signals for 55 ^J^ccnt pixels, screen flicker is reduced, 
every gate pulse applied to the row signal conductors. BRIEF DESCRIFTION OF THE DRAWINGS 
Thus, screen flicker is reduced. But m pixels 5 con- 

iiectcd to the row signal conductors are not driven T*^" * * schematic diagram of a conventional liq- 
altematdy each gate pulse as the aforementioned n ^^^^ display panel. 

number of pixels 5. Thus, flicker is not eliminated. To 60 ^^OS. 2a, 2b, 2c. 3a, 36 and 3c represent the wave- 
reduce flicker on pixels associated with every row sig- ^^rms of the signals that are applied to the liquid crystal 
nal conductor, the application of the first data signal display panel of FIG. 1. 

VDm shown in FIG. Zb from*the first data'drive circuit FIG- 4 is an schematic diagram of a liquid crystal 
2 to the odd numbered column conductors, and the display panel according to a first embodiment of the 
application ofthe second data signal VDm +1 shown in 65 invention. 

FIG. 3c from the second data drive circuit 3 to even FIGS. So, Sb and 5c are waveform charts of signals 
numbered column conductors are synchronized with applied to a liquid crystal display panel in accordance 
the output of the gate signal VGn shown in FIG. 3fl with the invention. 
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FIGS. 6, 7, and 8 are schematic diagrams of liquid FIG. 7 illustrates a schematic configuration accord- 
crystal display panels in accordance with other embodi- ing to a further embodiment of the invention. The con- 
ments of the invention. nections of the row and column signal conductors of 

FIG. 2 are modified, so that successive gate electrodes 

DETAILED DESCRIPTION OF THE 3 ^FTs 4*, 4c . . . which each drive a succes- 

PREFERRED EMBODIMENTS ^^^^ respective pixel 5a. 5*, $c ... in the direction of the 

Reference is made to FIG. 4 and to the drive wave- row are alternately connected to one of the two adja- 
fbrms iffyocittfd therewith and illustnted in FIG. 5. In cent r ow signal conductors. AU drain electrodes of the 
FIG. f gate drive circuit lis connected ton lines of the TFTs 4tf. 4*. 4c ... in t given row are connected to the 
row signal conductors OX to On, and supplies the gate 1^ column signal conductors of only one of the data d rive 
signal On shown in FIG. 5a as described below. A first circuite. However, the drain elccuodcs of TFTs in 
daU drive circuit 2 is connected to the odd numbered tuccessivc rows are alternately connected to the col- 
signal conductors Dl to Dm-1« and provides the first signal conductors of the first daU drive circuit 2 
daU signal VDm shown in FIG. 56. A second dau «^ column signal conductors of the second data 
drive circuit 3 is connected to the even numbered signal 1^ <*"ve circuit 3. In this case, the method of driving in- 
conductors D2 to Dm (the last one not being shown), application of the drive waveform m the 
and provides the second daU signal VDm+ 1 shown in shown m FIG. 5 to ewh pixel, to dnve succes. 
FIG. 5c. As is apparent from FIG. 5, the polarity of the P«l» ^ ^ i^tion of the row with the s«nc 
first data signal VDm. is opposite to the polarity of the pol^ity. ind to dnve successive pixels m the direction 
second dau signal VDm+1. Each gate el^trode of the ^0 of the column alternately with p(«itive and nega ivc 
TFTs 4a, 46. 4c . . . which drive respectively the pixels volunue^; ih^l is when one pixel is dnven by a positive 
5a. 56, and 5c ... is comiected to iU respective row dau signdw. adjacent p«elm t^^ 
signal conductor. The drain electrodes of TTTs in each ^ ^TV^*" a negative daU «gn^. Thus, flicker m the 

ro^ well as in each column are alternately comiected ^""T^^t^^ ^^TL '^T^' - - . 

*r *v J J u J • 1 J * T\< * 25 A modification of the configuration of FIG. 7 is 

tocme of Ae odd numbered signal conductors Dl to ^^^^ ^ ^ ^^^^^ connections of the TFTs 

5^:^' m t T?!;f p "''^ I ^'^J''% 4a, 46. 4c ... have been changed. The gates of succes- 

i ^ L\i?^ ' ^J?'^J^ «v« TFTs in a row are each connected alternately to 

/ J^^f"; ;f ^ isconnected to a r«pcctiveone ^^^^^ ^^^^^ conductors. The drains 

of the pixels 5a, 56. 5c ... The pixels 5a. 56, and Sc are 3^ successive TFTs in a wlumn are each comiected 
hquid crystal cells that rcspecUvdy display the three ^t^mately to one of two adjacent column signal con- 
primary colors: red. green, and blue; and these three ^^^^^^ j„ ^ embodiment, flicker is reduced to the 
puels 5a, 56, and 5c form one color umt pixel 5. The degree as in the embodiment of FIG. 7. 

gate electrodes of each TFT that dnve each pixel m the -i^us, in accordance with the invention, the conncc- 
same row are all connected to a signal conductor of that 35 ^^^^^ ^^e row and column signal conductors to the 

TFTs which drive the pixels (and between the adjacent 
The method of dnvmg the liquid crystal display m ^^^i^^^ changed. Each pixel width is driven with 
accordance with the first embodiment of the invention opposite polarity to an adjacent pixel. Therefore, screen 
is described with reference to the drive waveforms flicker is reduced, less electrical power is consumed, 
illustrated in FIG. 5. First, the gate signal VGn shown 40 and the cost of the display is reduced because a smaller 
in FIG. 5a is applied sequentially to the row signal chip size integrated circuit driver can be used, 
conductors Gl to Gn from the gate drive circuit 1. All claim: 

TFTs 4 connected to a row which is driven are turned 1. a liquid crystal display comprising: 

on. Each row is activated sequentially. Synchronously ^ plurality of row conductors; 

with the application of the gate signal, during a frame 45 a plurality of column conductors; 

cycle T, the first dau signal VDm (FIG. 56) from the a plurality of pixels arranged in a matrix of rows and 

first dau drive circuit 2 and the second daU signal columns; 

VDm+1 (FIG. 5c) from second daU drive circuit 3 are a driver means for applying a first daU signal to first 
applied to the odd and even numbered column conduc- column conductors, and for applying a second daU 

tors, respectively. In this manner, the screen flicker is 50 signal to second column conductors, said first col- 
reduced as each pixel 5a, 56. 5c . . . receives a dau signal umn conductors and said second column conduc- 
wherein the phase is shifted by 180 degrees between the tors being adjacent alternate column conductors in 
adjacent pixels. This is true for adjacent pixels in succes- a row direction of said matrix, polarity of said first 
sive rows, as well as for adjacent pixels in successive and second daU signals being opposite to each 
columns. In accordance with the invention, the dau 55 other, pixels in a row being connected to the same 
signal may be a wide or relatively long duration pulse row conductor; and pixels in each column being 
signal as shown in FIG. 5a, so that it is unnecessary to alternately connected respectively to one colunm 
raise the operating frequency of the dau drive circuit-as conductor to which said first daU signal is applied, 
is the case for conventional TFT liquid crystal displays. and to one column conductor to which said second 
In a second embodiment of the invention illustrated in 60 daU signal is applied, wherein the polarity of said 
FIG. 6, the pixels 5a, 56. Sc in a row are used respec- first and second dau signals are held constant for a 
tively to display the three primary colors, red, green. cycle time which is substantially equal to a frame 
and blue, and form color unit pixd 5. The connections cycle of said liquid crysul display, 
of the row and column signal conductors of the TFTs 2. A hquid crysul display as in claim 1. wherein said 
4 which drive each pixel are the same as in FIG. 4. The 65 pixel includes a thin film transistor and a pixel electrode 
method of driving each pixel on the liquid crysul panel connected to said thin film transistor, 
is also the same as in FIG. 4. Thus, screen flicker is 3. a liquid crystal display comprising: 
reduced. a plurality of row conductors; 
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a plurality of column conductors; 
a plurality of pixels arranged in a matrk of rows and 
columns; 

a driver means for applying a first data signal to first 
column conductors and for applying a second data 5 
signal to second column conductors, said first col- 
umn conductors and said second column conduc- 
tors being adjacent alternate column conductors in 
a row direction of said matrix, polarity of said first 
and second data signals being opposite to eacb 10 
other; pixels in each row being f*itemately con- 
nected to one of two adjacent row conductors; and 
pixels in each column being alternately connected 
respectively to one column conductor to which 
said first data signal is applied and to one column 15 
conductor to which said second data signal is ap- 
plied. 

4. A liquid crystal display as in claim 3» wherein the 
polarity of said first and second data signals are held 
constant for a cycle time which is substantially equal to 20 
a frame cycle of said liquid crystal display. 

5. A liquid crystal display as in claim 3, wherein said 
pixel includes a thin film transistor and a pixel electrode 
connected to said thin film transistor. 

6. A method for driving a liquid crystal display com- 25 
prising a plurality of row conductors; a plurality of 
column conductors; a plurality of pixels arranged in a 
matrix of rows and columns; and means for applying a 
first data signal to first of said column conductors, and 
for applying a second data signal to second of said col- 30 
umn conductors, the improvement comprising: 

selecting polarity of said first and second data signals 
to be opposite to each other, arranging said first 
column conductors and said second column con- 
ductors to be adjacent alternate colunm Conductors 35 



6 

in a row direction of said matrix, and connecting 
the pixels so that pixels in the same row are con- 
nected to the same row conductor; and pixels in 
each colunm are alternately connected respec- 
tively to one first colunm conductor to which said 
first data signal is applied, and to one second col- 
umn conductor to which said second data signal is 
applied; the polarity of said Hrst and second data 
signals being held constant for a time substantially 
equal to a frame cycle of said liquid crystal display. 

7. A method for driving a liquid crystal display com- 
prising a plurality of row conductors; a plurality of 
column conductors; a plurality of pixels arranged in a 
matrix of rows and columns; and means for applying a 
first data signal to fu^t of said column conductors and 
for applying a second data signal to second of said col- 
unm conductors, the improvement comprising: 

selecting polarity of said first and second data signals 
to be opposite to each other; arranging said first 
column conductors and said second column con- 
ductors to be adjacent alternate column conductors 
in a row direction of said matrix, and connecting 
said pixels so that pixels in each row are alternately 
connected respectively to one of two adjacent row 
conductors; and said pixels in each column are 
alternately connected respectively to one first col- 
umn conductor to which said first data signal is 
applied and to one second colunm conductor to 
which said second data signal is applied. 

8. A method as in claim 7, wherein the polarity of said 
first and second data signals is held constant for a time 
substantially identical to a frame cycle of said liquid 
crystal display. 



06/26/2003, EAST Version: 1.03.0002 



